Introduction
Opioids exert their analgesic effects by opioid receptors and are commonly used to manage postoperative pain either alone or in combination with other analgesics.
Alternatively, nonsteroidal anti-inflammatory drugs (NSAIDs) exert analgesic and anti-inflammatory effects by cyclooxygenase inhibition 3 and represent a key aspect of multimodal postoperative analgesia, the goal of which is to provide appropriate analgesia while minimizing the AEs associated with given drug classes. 6, 9, [14] [15] [16] [17] [18] A growing body of data supports the ability of multimodal analgesia regimens to reduce postoperative opioid consumption and, therefore, the incidence of opioid-related AEs that can slow postoperative recovery. 2, 4, 6, 9, 12, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] Diclofenac is a nonselective NSAID with an established efficacy and tolerability profile that is available in multiple formulations and is used to treat acute and chronic pain. 32, 33 Hydroxypropyl-β-cyclodextrin (HPβCD)-diclofenac (Dyloject ™ ) is an injectable formulation of diclofenac sodium that is solubilized with HPβCD, does not require dilution, and is administered intravenously (IV) as a low-volume bolus injection. 34 In contrast, a previous formulation of diclofenac for IV administration (Voltarol ™ [Novartis Pharmaceuticals UK Ltd, Surrey UK]; formulated with propylene glycol and benzyl alcohol) requires dilution and infusion over a period of 30-120 minutes. 35, 36 Previous studies have demonstrated the safety and efficacy of single-and multipledose HPβCD-diclofenac in postsurgical patients, [37] [38] [39] [40] and HPβCD-diclofenac is indicated for the management of mild to moderate pain and moderate to severe pain, alone or in combination with opioid analgesics. 41 Given the benefits of reducing postoperative opioid use, the objective of the current evaluation was to examine the opioid-sparing effect (ie, efficacy assessed based on rescue opioid use 42 ) of multiple-dose HPβCD-diclofenac by pooled analysis of data from two Phase III clinical trials. It was hypothesized that this analysis would reveal significant opioid-sparing effects of HPβCD-diclofenac with respect to overall consumption as well as frequency of use (ie, number of doses). While some data on postsurgical opioid usage in patients receiving HPβCD-diclofenac has been reported for the individual studies included here, 39, 40 the present analysis provides an in-depth examination of this key clinical endpoint from multiple perspectives and in a broader patient population.
Patients and methods
Individual studies included in this analysis were registered with clinicaltrials.gov (NCT00448110, NCT00507026), and following Institutional Review Board (IRB) approval, all patients provided IRB-approved written informed consent. Detailed methods for the individual studies have been previously reported. 39, 40 
Patients
Patients were screened for study inclusion if they were scheduled for an abdominal/pelvic or orthopedic procedure within 2 weeks (abdominal/pelvic) or 3 weeks (orthopedic) and were expected to require IV analgesia for postoperative pain. Key inclusion criteria for both studies were: age ≥18 years and moderate to severe pain ≤6 hours following surgery (pain intensity ≥50 mm on a 0-100 mm visual analog scale [VAS] ). The upper age limit was 65 years in the abdominal/pelvic surgery study and 85 years in the orthopedic surgery study. Females of childbearing age were required to have a negative pregnancy test at screening, as well as to be practicing abstinence or an approved method of contraception. Key exclusion criteria were: a history of uncontrolled chronic disease; recent history (≤6 months) of cardiovascular events (eg, myocardial infarction, stroke); known allergy to diclofenac, NSAIDs, morphine, anesthetics, or excipients of the study preparation; clinically significant lab or electrocardiograph (ECG) results at baseline or screening; use of monoamine oxidase inhibitors, tryptophan, carbamazepine, or valproate ≤2 weeks prior to taking study drug; use of aspirin (except for antiplatelet cardiac protection), other NSAIDs, or other common centrally or peripherally acting analgesic drugs, centrally acting adjuvants, major and minor tranquilizers, or antihistamines ≤24 hours prior to study drug administration (with the exception of medications administered during the procedure); and use of a long-acting NSAID or cyclooxygenase-2 inhibitor ≤3 days prior to surgery. Patientcontrolled analgesia was not permitted postoperatively, either prior to or during drug dosing.
Study design and outcomes
The included studies were identified based on their similar design, patient populations, duration of treatment, and endpoints. Both studies were Phase III trials with a randomized, double-blind, multicenter, multiple-dose, placebo-and active comparator-controlled design. In both studies, patients were randomized to receive HPβCD-diclofenac (Dyloject ™ ; Hospira, Inc., a Pfizer company, Lake Forest, IL, USA), ketorolac, or placebo, according to a computer-generated random number code. Investigators, clinical staff, and patients were blinded to treatment group assignment. Dose levels of individual study treatments in the orthopedic surgery 
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Postoperative opioid-sparing effect of injectable HPβCD-diclofenac study were not blinded, however. Patients in the abdominal/ pelvic surgery study received 18.75 or 37.5 mg HPβCD-diclofenac (based on randomization), 30 mg ketorolac, or placebo. Patients in the orthopedic surgery study received either 18.75, 37.5, or 50 mg HPβCD-diclofenac, based on the presence of defined risk factors. The standard dose was 37.5 mg; however, patients weighing <50 kg, aged ≥65 years, or with NSAID-related gastrointestinal risk factors, hepatic impairment, or renal insufficiency (based on serum creatinine and blood urea nitrogen measures being greater than the upper limit of normal) received the 18.75 mg dose, and patients ≥95 kg with no predefined risk factors received 50 mg. Dose adjustment of ketorolac in the orthopedic surgery study was similar. Patients <65 years old and without renal insufficiency received a standard dose of 30 mg, while highrisk patients received 15 mg.
Study medication was given as an IV bolus injection, with the first dose given ≤6 hours following surgery to patients reporting moderate to severe pain on the VAS. The time of first study drug administration was taken as time 0, and subsequent doses were given every 6 hours until discharge or withdrawal/discontinuation. In the abdominal/pelvic surgery population, patients were observed for at least 48 hours following the first study drug dose, and for up to 5 days; in the orthopedic surgery population, patients were observed for at least 24 hours, and for up to 5 days. Safety was monitored throughout both studies by physical examinations, laboratory testing, vital signs, ECG, AEs, and evaluation of thrombophlebitis and wound healing (safety data previously reported 39, 40, 43 ).
Assessments of opioid use
In both studies, rescue medication (IV morphine, bolus, maximum 7.5 mg every 3 hours) was made available upon patient request any time after the initial dose of study drug was given. However, patients were encouraged to wait for at least 30 minutes after study drug administration in the orthopedic surgery study and at least 1 hour after study drug administration in the abdominal/pelvic surgery study to request for opioids. Patients in the abdominal/pelvic surgery study received a 5 mg IV bolus of morphine upon request, followed by titration to 7.5 mg, every 3 hours if needed. Patients in the orthopedic surgery study received IV bolus morphine in 2.5 mg increments, up to 7.5 mg, every 3 hours. Though encouraged to wait, patients were not denied rescue opioids in the event of requests made prior to 30 minutes (orthopedic surgery) or 1 hour (abdominal/pelvic surgery) after the first study drug dose was given. If the rescue opioids did not provide adequate analgesia, the patient was withdrawn from the study and given pain medication in accordance with the investigator's usual practice. Opioid use was recorded throughout the treatment period (from the time of first study drug administration to up to 120 hours [5 days] following first administration). The outcomes examined in this pooled analysis were: 1) proportion of patients requiring opioids; 2) cumulative opioid dose for the 0-24, 0-48, 0-72, 0-96, and 0-120 hour intervals following first study drug administration; and 3) cumulative number of opioid doses received for the 0-24, 0-48, 0-72, 0-96, and 0-120 hour intervals following first study drug administration. Comparisons were made between patients receiving either active treatment (HPβCD-diclofenac, ketorolac) and placebo, as well as between patients receiving either active treatment.
Statistical analysis
Sample size in each study was established by defining values for the number of patients required to detect a clinically significant difference in the study's primary efficacy measure. Analyses of rescue opioid use were performed on the combined intent-to-treat population from both studies using Statistical Analysis System (SAS Institute Inc., Cary, NC, USA) version 9.1 or later. Pooled data are presented as mean ± standard deviation (SD), unless otherwise noted. Data were analyzed for the pooled study population, as well as subgroups based on dose (HPβCD-diclofenac 18.75, 37.5, and 50 mg), baseline pain (moderate or severe, based on 0-100 mm VAS), and age (<65 and ≥65 years). P-values for demographic data were calculated using analysis of variance for numerical variables and Cochran-Mantel-Haenszel test for categorical variables. P-values for efficacy outcomes (rescue opioid use; HPβCD-diclofenac and ketorolac vs placebo; HPβCD-diclofenac vs ketorolac) were calculated using least-square mean difference based on an analysis of covariance model with treatment, study, and center as factors and baseline pain as a covariate.
Results
Study population
Patient disposition for the pooled population has been previously reported in Gan et al. 44 In total, 608 surgical patients were included in the analysis (HPβCD-diclofenac: n=318; ketorolac: n=142; placebo: n=148). Within the HPβCD-diclofenac group, n=132 patients received HPβCD-diclofenac 18.75 mg, n=150 received HPβCD-diclofenac 37.5 mg, and n=36 received HPβCD-diclofenac 50 mg. Within the ketorolac group, n=18 patients received ketorolac 
Rescue opioid consumption: all patients
In total, 93.2% of patients in the placebo group required rescue opioids ( Figure 1 ). The proportion of patients receiving opioids was significantly lesser than that receiving placebo for all HPβCD-diclofenac dose groups (18. Figure 1 ). Similarly, significantly lesser number of patients in the ketorolac group required opioids as compared to placebo (68.3%, P<0.0001).
Overall, the majority of opioid consumption across all treatment groups occurred in the first 24 hours following the first study drug administration ( Figure 2 ; Table S1 ). Over the 0-120 hour period, patients in the HPβCD-diclofenac 18.75, 37.5, and 50 mg groups received an average of 9.31±10.35, 7.41±9.48, and 8.94±10.00 mg of rescue opioids, respectively (8.37±9.92 mg for all HPβCD-diclofenac patients combined), while patients in the ketorolac group received, on average, 10.61±14.68 mg and patients in the placebo group received 17.69±14.94 mg of rescue opioids. All HPβCD-diclofenac doses, as well as ketorolac were associated with significantly lower mean cumulative opioid consumption versus placebo for the 0-24 through 0-120 hour time periods (P<0.0001). Patients receiving HPβCD-diclofenac required, on average, significantly lower cumulative opioid doses than those receiving ketorolac for the 0-72 through 0-120 hour periods (8.34±9.85 vs 10.57±14.64 mg, P=0.034 for 0-72 hours) ( Figure 2 ; Table S1 ), but there was no significant difference between the HPβCD-diclofenac and ketorolac groups for the 0-24 hour period (P=0.30) or the 0-48 hour period (P=0.068). In addition, patients receiving HPβCD-diclofenac 37.5 mg required significantly lower cumulative amounts of opioid than the patients receiving ketorolac (30 or 15 mg), beginning with the 0-48 hour period (7.25±9.22 vs 9.74±11.80 mg; P=0.020) and through the 0-120 hour period (7.41±9.48 vs 10.61±14.68 mg; P=0.009).
Similar to total cumulative dose, the majority of opioid doses were received during the 0-24 hour period and patients in all HPβCD-diclofenac dose groups as well as in the ketorolac group required significantly fewer opioid doses than patients in the placebo group for all time periods (P<0.0001) ( Figure 3 ; Table S1 ). Patients receiving HPβCD-diclofenac required significantly fewer opioid doses than those receiving ketorolac for the 0-72 through 0-120 hour periods (2.83±3.26 doses vs 3.43±3.98 doses; P=0.038 for 0-120 hours), but not for the 0-24 hour period (P=0.20) or the 0-48 hour period (P=0.052). Furthermore, patients receiving HPβCD-diclofenac 37.5 mg required significantly fewer opioid doses Table S1 . Abbreviations: ANCOVA, analysis of covariance; HPβCD, hydroxypropyl-β-cyclodextrin; ITT, intent to treat; SD, standard deviation. (Figure 3 ; Table S1 ). Rescue opioid consumption: by baseline pain and age subgroups
For patients with moderate baseline pain (≥50 and <70 mm on the VAS), all HPβCD-diclofenac groups and the ketorolac group were associated with significantly reduced mean cumulative opioid consumption versus placebo for all time periods (all P<0.005 vs placebo) ( Figure 4A ; Figure 4B ; Table S2 ). In both subgroups based on baseline pain, all active treatment groups received significantly fewer opioid doses versus placebo (P<0.005 for all time periods); however, no opioid-sparing effect of HPβCD-diclofenac versus ketorolac with respect to dose number was observed ( Figure 5 ; Table S3 ). Among patients <65 years old, all HPβCD-diclofenac dose groups as well as the ketorolac group required significantly fewer opioid doses than the placebo group (P≤0.0001 for all time periods) ( Figure 6A ; Table S4 ). No opioid-sparing effect was observed for HPβCD-diclofenac versus ketorolac. Patients ≥65 years old received lower, risk-adjusted HPβCD-diclofenac and ketorolac doses. Patients in the HPβCD-diclofenac 18.75 mg group required significantly fewer opioid doses than those receiving placebo and ketorolac for all time periods (P<0.05 vs placebo, P<0.05 vs ketorolac) ( Figure 6B ; Table S4 ).
Discussion
The goal of postoperative analgesia is to optimally manage pain while minimizing the potential for adverse effects that can delay recovery or present risks to the patient. While opioids are efficacious analgesics, AEs associated with this drug class can be wide ranging and represent an important concern for clinicians and patients.
2,4-9, 45 Furthermore, opioid-related AEs in postsurgical patients are associated with increased hospital length of stay and added costs which recent studies have estimated to range from $4,707 to $13,737 per patient. [9] [10] [11] 46, 47 Table S2 . Abbreviations: ANCOVA, analysis of covariance; HPβCD, hydroxypropyl-β-cyclodextrin; ITT, intent to treat; SD, standard deviation; VAS, visual analog scale.
approaches that make use of analgesics with different mechanisms of action, such as the NSAIDs, are recommended. 31, 48 The results of this analysis of data from two Phase III trials reveal that repeated-dose HPβCD-diclofenac was associated with a significant opioid-sparing effect when given for up to 5 days for moderate to severe pain following abdominal/ pelvic or orthopedic surgery. In addition, HPβCD-diclofenac (37.5 mg dose groups and all dose groups combined) demonstrated significant opioid-sparing effects in comparison to the active comparator ketorolac, a drug currently used in clinical practice, with respect to both cumulative rescue opioid dose and the number of doses. There were no discernible differences in baseline pain level (moderate, severe) between comparator groups, suggesting that the observed differences are not likely due to differences in baseline pain. Notably, opioid consumption appeared to be lowest in the HPβCD-diclofenac 37.5 mg group. While potential reasons for this were not investigated, it is noteworthy that 37.5 mg is the standard HPβCD-diclofenac dose and was given to patients without defined risk factors, while the 50 mg dose was given to patients weighing ≥95 kg. The results of this analysis expand upon previously reported data from the individual studies, which showed that HPβCD-diclofenac was associated with increased time to rescue opioid administration and reduced opioid consumption over 72 hours versus placebo in abdominal/pelvic surgery patients, 39 as well as increased time to rescue opioid administration and reduced opioid consumption over 120 hours versus placebo in orthopedic surgery patients. 40 Pooled analysis allowed for in-depth examination of opioid consumption in terms of cumulative dose and number of doses, both in the entire population as well as in Table S3 . Abbreviations: ANCOVA, analysis of covariance; HPβCD, hydroxypropyl-β-cyclodextrin; ITT, intent to treat; SD, standard deviation; VAS, visual analog scale.
the key patient subgroups defined by HPβCD-diclofenac dose received, baseline postsurgical pain, and age. This stratification revealed that HPβCD-diclofenac provided postoperative opioid-sparing advantages over ketorolac in patients with moderate pain (lower cumulative opioid consumption, 0-72 through 0-120 hour periods), as well as in patients ≥65 years old (fewer opioid doses, 0-24 through 0-120 hour periods). This analysis did not compare opioid consumption in patients with moderate versus severe pain specifically; however, the results do indicate significant reduction in total consumption and the number of doses for both active treatments in comparison to placebo, independent of the baseline pain level. This is consistent with previously reported efficacy measures from the two Phase III trials. 39, 40 In addition, this study examined only patients undergoing a single surgical procedure during their admission. The opioid-sparing effects of HPβCD-diclofenac in patients undergoing multiple procedures, which might necessitate increasingly complex pain management regimens, remain to be elucidated.
It is important to note that the analgesic properties of NSAIDs are not solely attributable to their anti-inflammatory effects, and there is growing evidence that diclofenac has a range of mechanisms of action that differ from other drugs in the NSAID class. 33 In addition to the well-known anti-inflammatory mechanism of action of NSAIDs, putative mechanisms of action of diclofenac include inhibition of leukotriene synthesis, inhibition of phospholipase A2, and modulation of arachidonic acid levels, as well as stimulation of peripheral nitric oxide-cyclic guanosine 
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Postoperative opioid-sparing effect of injectable HPβCD-diclofenac monophosphate-potassium channel pathways. 33 Reasons for the observed differences with respect to opioid sparing between HPβCD-diclofenac and ketorolac were not examined in the present analysis. However, future studies examining the clinical implications of mechanistic differences between NSAIDs could provide critical insight into the differences between NSAIDs observed in clinical practice.
While the total number of opioid doses was evaluated in patient subgroups based on age (<65 and ≥65 years), it is important to note that cumulative opioid dose was not examined in the context of age in the present analysis. Based on the individual study inclusion criteria, the vast majority of patients ≥65 years old in the pooled population (n=82/84, 97.6%) were the patients who participated in the orthopedic surgery study, and the effect of HPβCD-diclofenac on cumulative opioid dose in this patient subgroup has been previously reported. 40 In line with the current results, Daniels et al 40 reported that total opioid consumption was significantly reduced with HPβCD-diclofenac versus both placebo and ketorolac in patients aged ≥65 years over 0-24, 0-48, 0-72, and 0-120 hours. In addition to its effects when given as part of a repeated-dose regimen, the opioid-sparing effects of single-dose HPβCD-diclofenac have also been demonstrated. Most notably, time to rescue opioid administration following dental surgery was significantly prolonged by a range of HPβCD-diclofenac doses (9.4-75 mg) versus placebo. 38 The results of the current analysis are also in agreement with evidence for the general opioid-sparing actions of NSAIDs and acetaminophen. Table S4 . Abbreviations: ANCOVA, analysis of covariance; HPβCD, hydroxypropyl-β-cyclodextrin; ITT, intent to treat; SD, standard deviation.
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Gan et al UK Ltd]; formulated with propylene glycol and benzyl alcohol) has been previously demonstrated to reduce patient-controlled analgesia oxycodone consumption and postoperative nausea and vomiting incidence following knee surgery. 52 While opioid-sparing effects of ketorolac in the postoperative setting have been demonstrated 12, 14, 22, 53 -and indeed were evident in the present analysis as well -the results of this study suggest that HPβCD-diclofenac may be able to support greater opioid sparing than ketorolac in broader surgical practice, an observation consistent with previous findings that diclofenac can provide superior opioid-sparing effects when compared to other NSAIDs. 52 
Conclusion
In summary, data from this pooled analysis demonstrate that use of HPβCD-diclofenac in the postoperative setting was associated with reduced opioid consumption in comparison to placebo, and that the standard HPβCD-diclofenac dose (37.5 mg) was associated with significant postoperative opioid sparing over ketorolac in terms of cumulative dose and number of doses, for the 0-48 through 0-120 hour postoperative time periods. While pooled analyses can present challenges due to between-study heterogeneity, the studies included in the present analysis were amenable to this approach, given their high degree of similarity with respect to study design, inclusion and exclusion criteria, comparators, drug dosages, dosing schedules, and outcome assessment methods. [54] [55] [56] Though the current study provides an in-depth examination of the opioid-sparing effect of HPβCD-diclofenac, it does not address the important question of the clinical impact of opioid sparing afforded by this diclofenac formulation (ie, impact on opioid-related AEs). Higher postoperative opioid doses have been associated with increased AE risk, 5 suggesting potentially significant clinical implications of the findings of this analysis. An in-depth examination of opioid-related AEs in patients receiving HPβCD-diclofenac versus other analgesics will require a larger population than that encompassed by these two studies. Future studies, such as retrospective analyses of deidentified patient data from large electronic health records, would provide additional insight into this important question. Furthermore, such studies could examine the key factors related to recovery from surgery, such as pain upon movement, time to mobility, and length of hospital stay, as well as the outcomes in highly specific patient risk groups, including, for example, patients ≥75 years old. 
